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I.  INTRODUCTION 


(tJ)  This  final  report  summarises  the  research  effort  from 
July  1966  to  June  1969  under  Contract  No.  DA-44-009-AMC-I8IKB)* 
which  was  a continuation  of  a previous  effort  from  Nay  1963  to 


June  1966  under  Contract  No.  DA-41»-009^AMC-136(T) 


(IT)  As  In  the  above  mentioned  previous  contract,  £he  primary 

% 

Interest  in  this  Investigation  was  direoted  toward  practical  goals. 
In  tiie  first  two- thirds  of  the  effort,  this  meant  Improvement  of 
the  luminous  and  Infrared  sensitivity  of  the  semitransparent  S-l 


and  suppression  of  its  thermionic  emission. 


(U)  In  the  last  third  of  the  contractua 


IV 

a 3\perlod, 


the  effort 


was  shifted  to  a practical  study  of  formation  and  performance  of 


the  spaoe  reflective  3-1. 


(U)  As  a secondary  goal,  the  derivation  of  a model  of  the 
8-1  and  a theoretical  explanation  of  its  main  features  was  desired. 

(U)  In  all  specified  areas  considerable  progress  has  been 
aehleved.  Several  new  processing  methods  have  been  developed  for 


good  Infrared  reeponae  of  semitransparent  cathodes.  Although 
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(U)  repeatability  is  atill  a major  problem,  there  has  been  a 


reaaonable  yield  of  high  oathodea  with  the  beat  of  the  developed 


methods.  As  already  previously  observed,  it  was  re-affirmed  that 


geometrical  configuration  and  substrate  conditions  require 


selection  and  adjustment  of  a particularly  suited  processing 
method.  Towards  the  end  of  this  contraet.  a specific  method  waa 
arrived  at  irtiieh  appears  to  lessen  this  dependence  considerably. 


(U)  Optloal  enhancement  possibilities  were  studied  in  the 


last  eighteen  months  of  this  work.  Although  the  optical 
properties  of  the  S-l  do  not  allow  for  Improvements  similar  to 
those  found  in  the  3-20.  methods  for  processing  a space  reflective 
S-l  were  found,  and  a reliable  sohedule  for  processing  such 


i 


cathodes  has  been  developed. 


(0)  Finally,  the  computation  of  the  optloal  constants  of 


the  S-l  has  resulted  in  plausible  values  Which  fit  reasonably 


well  over  the  range  of  measurement.  By  virtue  of  these  optloal 


constants,  sn  lntenalty-besed  model  of  the  8-1  was  sketohed  out. 
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(U)  This  model  appears  to  be  able  to  explain  aome  of  the 


features  of  the  spectral  response* 


(U)  Since  this  report  Is  partly  based  upon  findings 


detailed  in  the  previous  final  report  under  AMC-136(T),  cross- 
references  to  that  doeument  will  be  made  throughout  this  report* 
The  numbers  of  individual  reports  are  given  as  reference  to 
speolfie  points  for  more  detailed  dlsoussion*  Por  performance 
data  of  seleoted  surfaces  extending  over  the  entire  period  of 
both  contracts,  see  also  Tables  and  Figures  In  this  report* * 


II.  PROGRESS  IN  PROCESSING  SEMITRANSPARENT  CATHODES 

(U)  The  previous  oontraot,  AMC-136(T),  had  resulted  in 

several  methods  which  gave  high  luminous  sensitivities  with  a 

moderate  IR  sensitivity  percentage*  For  a review  of  sensitivities 

achieved,  we  refer  to  Table  I of  the  Final  Report,  AMC-136(T), 

dated  12  May  1967. 

«*» 

WT  The  highest  IR  sensitivities  reported  there  were: 
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Luminous  Sensitivity*  80  pa/l ; 2540,  9*2  /is/l. 


Tube  #126 

Tube  #606  - Luminous  Sensitivity,  60  pa/l;  2540,  9*1  yua/l* 


The  percentage  of  IR  response  ran,  usually,  between  8 and  12%, 


Vfir  The  doping  methods  which  were  investigated  thoroughly 
for  thermionic  emlaaion  suppression  did  not  help  the  IR  sensi- 


tivity either.  Potassium  as  well  aa  rubidium  doping  resulted 


in  a lowering  of  the  IR  sensitivity  percentage* 


(U)  All  dopants  resulted  in  a change  of  the  spectral 


response  shape,  as  compared  to  the  normal  cathode,  processed  with 
Cs  only.  This  change  usually  showed  up  as  a "chopping  off"  of 


the  long  wavelength  response  with  increased  sensitivity  in  the 


These  changes  concurred,  at  that  time. 


with  the  expressed  Interest  of  the  contracting  agency  for  high 


sensitivity  to  9500#  radiation 


however 


emphasis  was  shifted,  in  that  high  sensitivity  to  the  10600# 
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(U)  A great  deal  of  the  effort  In  the  flrat  eighteen  ^ 

t 

months  was  therefore  directed  toward  the  development  of  a high 
IR  proeessing  method  ("Hip").  Such  a method  was  developed 
daring  the  first  year* 

(U)  Por  a detailed  deaorlptlon  of  the  evaluation  of  "Hip" 
see  Rpta.  No.  3 through  No.  9* 

iAr 

UH  A typical  "Hip"  schedule  la  as  follows: 

1.  Prewet  glass  surface  with  Cs  to  a predetermined 

value* 

2.  Evaporate  Ag  to  a 4 0-6J&  coverage. 

% 

Evaporation  is  monitored  with  an  IR  monochromatic 
line,  because  the  onset  of  "bad  layers"  (l.e.,  conductive  layers) 
Is  distinguished  by  abnormally  high  IR  absorption.  (Ref*  Rpt. 


No*  3.) 

3*  Drift  Os  at  30-50°C  until  the  transmission  change 
Is  completed* 


4*  Bake  surfaoe  until  no  further  lnoreaae  in 
photosensitivity  is  being  observed* 
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44*  5.  Peak  with  02. 
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6.  If  "bake  off"  (loss  of  sensl tivlty)  had  occurred 
during  atap  No.  4,  atap  No.  5 la  followed  by  additional  atapa 


3*  4*  $• 


(4*  This  method  waa  an  outgrowth  of  a brief  Investigation 


of  the  classical  cathode  which  had  been  conducted  during  the 
first  quarter.  (Ref.  Rpt.  No.  1-3.)  The  Investigation  of  the 
"classical"  method  Itself  gave  the  expected  result:  Average 


cathodes,  below  I4O  jua/l  with  8-12£  IR  sensitivity.  It  should 
be  noted  that,  in  sharp  oontrast  with  the  olaasloal  method. 


no  after-silvering  Is  employed. 


iQfr  This  "Hip"  method  was  used  as  a base  for  further 


Improvements  of  IR  sensitivity  during  the  remainder  of  the 
contract.  Selective  0?  peaking  with  a mono ohroma tic  filter 
at  10600&  then  resulted  in  very  high  IR  sensitivities.  (Ref. 
Rpt.  No.  8.9.)  The  highest  sensitivity  was  achieved  In  Tube 
No.  202:  W.L..  69  >iaA;  2540,  13*5  jx a/l.  For  representative 
eleetrioal  performance  data, ( see  Table  I of  this  report. 
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(U ) influence  of  the  substrate  temperature  on  cathode 
formation.  It  was  found  that  if  the  substrate  was  held  at 
temperatures  above  90°C,  a different  behavior  of  the  Ag  base 
was  observed*  The  Ag  layer  looked  more  metallic  and  was  highly 
reflecting*  Also,  the  "uptake"  of  Ca  during  the  following 
activation  was  much  larger  than  usual*  These  effects  became 
stronger  with  increased  substrate  temperature*  (Ref*  Rpt* 

Ho*  5-7.) 


(tf)  Lowering  of  the  substrate  temperature  to  the  range  of 

-10  to  -15°C  resulted  in  somewhat  colorless  Ag  bases*  Neither 

\ 

extreme  resulted  In  high  cathodes*  (Ref*  Rpt*  No*  6,7*) 

(U)  We  feel,  therefore,  that  the  range  of  25  to 
which  was  used  In  the  large  majority  of  our  experiments.  Is 
the  optimum  temperature  for  the  laydown  of  the  Ag  base. 

Vaeuum  during  Ag  evaporation  waa  typically  In  the  range  of 
2-8  x 10“®  mm* 

(U)  Several  experiments  were  undertaken  to  study  the 
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(U)  effect  of  a high  field  between  evaporator  and  cathode 
area.  With  +2$ 00V  or  +*>000V  applied  to  the  cathode  area, 
deflection  of  the  Ag  beam  apparently  takes  place.  Heavier 
deposits  were  observed  in  the  oenter  of  the  cathode  area  while 
the  deposit  close  to  the  aluminized  ring  was  much  thinner.  An 
application  of  high  negative  voltage  to  the  cathode  area  did 


not  result  In  any  observable  effects.  This,  of  course, 

f • 

supports  the  contention  that  at  least  some  of  the  Ag  atoms  are 


positively  charged.  (Ref.  Rpt.  No.  6.) 

(U)  Similar  ionic  currents  were  also  observed  later  on 
during  Ag  evaporation,  as  a rule.  The  interesting  observation 
was  made  that  suoh  currents  were  quite  strong  In  the  beginning 
of  the  Ag  evaporation,  declined  and  remained  at  a steady  level 
during  continued  Ag  evaporation,  and  began  to  lnorease  again 
as  measurable  oonduotlvity  of  the  Ag  layer  began  to  appear. 
(Ref.  Rpt.  No.  24.) 
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(U)  Changes  of  the  voltage  applie* 


discharge  after  Ag  evaporation  did  not  result  In  any  observ 


able  changes  of  performance*  (Ref*  Rpt*  No*  20.) 


tGf  It  was  observed  In  the  related  "PIP"  contract  that 


a short  evaporator-to-substrate  distance  resulted  In  poor 


cathodes*  An  Increase  of  this  distance  from  the  usual  1-1/2' 


in  the  bulb  structure  to  2-3/4*",  however,  did  not  produee  any 


noticeable  change*  (Ref*  Rpt*  No*  17,18*)  We  can  oonclude 


that  a distance  of  1-1/2"  is  sufficiently  large  for  good 


cathode  formation 


In  two  tubes  (No*  0-2^6,  0-28£),  a thin  film  of 


bismuth  was  evaporated  deliberately  to  about  2-3#  coverage. 


followed  by  the  usual  overnight  bake*  Cathodes  formed 


reasonably  well*  (Ref*  Rpt*  No*  13,  15* ) However,  the 


expected  suppression  of  the  thermlonlo  emission  was  not 


observed*  These  two  experiments  were  made  to  amplify  the 


possible  existing  condition  of  a thin  B1  film  formed  on  the 


' 1* 
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f€7  cathode  area  during  the  extended  high  temperature  bake.  T) 

While  it  was  thus  proven  that  good  oathodea  ean  be  formed  on 
such  thin  B1  films*  a positive  identification  of  a thermionle 
emission  suppression  eould  not  be  shown.  This  ia  in  contrast 


to  the  proven  suppression  effect  of  the  Bi  after treatment 
after  completed  cathode  formation  (See  Pinal  Rpt.,  pg.  24-25). 

(U)  Two  optical  improvement  thoughts  were  tried  on  the 
semitransparent  cathode. 

(U)  One  semitransparent  cathode  was  formed  on  a "grooved 
glass  plate"  which  was  supplied  by  Ft.  Belvolr.  The  exaot 

I 

geometry  of  the  grooves  was  not  known.  An  optical  enhanoeiaent 
was  observed  St  the  blue  end  of  the  spectrum.  It  had  been  shown 
in  the  previous  contract*  AMC-136(T),  Rpt.  No.  37-39*  that 
optloal  enhancement  effects  would  be  expected  in  the  region  of 
high  transmission  of  the  semitransparent  cathode  Which  is  in  the 
blue  and  green. 

(U)  The  expected  ohange  of  response  with  angle  of  incidence 
was  observed  on  the  grooved  piste*  The  pertinent  Table  in  Rpt. 


i . i 
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(U)  No*  21  is  reproduced  under  Table  ZI of  this  report*  Xt 
should  be  noted  thst  the  enhancement,  compared  with  the 
sensitivity  of  a normal  semitransparent  cathode,  is  about  6-1CK 


for  the  390o£  and  4535$  line,  about  3-5*  for  the  50$oR  line  with 


faotors  getting  mu oh  lower  with  increasing  wavelengths* 

(U)  Another  idea  was  investigated  in  connection  with  the 
preparation  of  apace  reflective  .oathodea*  The  use  of  a dielectric 
spacer  of  a coupling  refraotlve  index  between  the  glass  and  the 
cathode  should  result  in  a lowering  of  the  reflection  from  the 
high  refractive  index  oathode  Into  the  low  refractive  index  glass* 
Although  the  reflection  of  the  S-l  is  not  very  high  in  the  XR 
region,  it  is  still  in  the  range  of  12-25)f*  (the  reasons  for  the 
fact  that  the  S-l,  also  a very  high  refractive  index  medium,  has 
a low  reflection  into  the  glass,  are  explained  in  Chapter  XV  of 
this  report)*  We  have  formed  several  oathodes  on  Ti02  films  which 
were  deposited  on  glass*  (The  refraotlve  index  of  Ti02  is  around 
2*6  for  the  XR*)  Front  reflection  suppression  was  aotually 

. i.(.-  . - i < < * 
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(U)  observed*  However*  only  average  cathodes  were  achieved  on 


the  TiO^,  In  the  few  trials  performed  and  did  not  allow  evaluation 


of  the  idea*  On  these  few  surfaces  It  was  also  observed  that  the 
thermionic  emission  was  unusually  high  for  the  XR  aensltivity 
range*  No  explanation  for  this  can  be  given*  For  a detailed 
description  of  the  optloal  and  electrical  behavior  of  suoh  cathodes 


and  the  observations  of  generally  Increased  absorption  with  a 


* 


i 


slower  drop-off  In  the  IR,  see  Rpt.  No.  12,  pg.  5-7,  and  Table  II; 


also,  Rpt*  No*  21,  pg*  5*  Figures  4 “7  are  reproduced  here  and  show 


i 


optical  and  electrical  performance  of  two  such  surfaoes*  (For 

% 

sensitivity  data  see  also  Table  I of  this  report*) 

(17)  It  should  be  stressed  that  the  method  which  eventually 
resulted  In  the  best  cathodes  on  the  dleleotrlo  spacer  In  the  SpRC 
(layer  method)  waa  not  tried  out  in  this  oonneetlon.  Any  further 
attempt  to  Improve  the  aemltransparent  3-1  should  also  evaluate 
the  "layer  cathode”  processed  on  high  refractive  index,  trana parent, 
dielectric  substrates* 

(U)  Performance  data  for  surfaoes  of  interest  are  given 


i > i 
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in  Table  I*  These  date  oover,  where  available,  the 


entire  period  of  1963-1969  for  both  S-l  researoh  oontraots 


THE  LAYER  METHOD 


(U)  The  observation  that  "Hip"  seemed  to  represent  the 


best  achievable  method 


led  to  the  exploration  of  other,  radically  different,  prepare 


tion  techniques 


4*1  It  had  been  found  earlier  that  a thin  layer  of  Ag 


(3-8#  eoverage)  was  able  to  accommodate  Cs,  expressed  as  a 


fairly  large  change  of  transmission  readings  and  that  oyellng  of 


Ag  and  Cs  could  be  eon tinned  until  a oathode  with  the  usual 


thickness  was  built  up*  Pinal  exposure  to  oxygen  then  resulted 


in  a reasonable  sensitivity*  (See,  e*g*.  Tube  Ho*  0-215,  0-216 


(U)  The  interpretation  of  the  optical  data  of  the  S-l  then 


suggested  the  Investigation  of  0s90  layers*  (See  also  Chapter 


“• ' "Tf'-zr- 
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4#^  The  experiments  showed  that,  although  Cs-0  layers  1 ^ 


cannot  be  built  up  on  glass  alone  - apparently  beoause  of  a 


poor  aeoommodatlon  coefficient  - suoh  heavy  layers  oan  be 


built  up  through  alternating  oyolea  of  cesium  and  oxygen  in  a 


form  similar  to  the  one  described  before  with  Ag-Cs.  Figures 


8 and  9 show  the  development  of  sueh  a heavy  Ca-0  layer 


Because  of  the  similar  activation  sohedule,  we  had 


reason  to  assume  that  the  oeslum  oxide  formed#  in  this  case 


was  the  same  type  of  oxide  whioh  was  formed  in  the  S-l.  The 


color  of  this  film  was  usually  a light  rose-violet # whioh  upon 


additional  evaporation  of  Ag  changed  toward  the  more  blue 


violet  color  of  the  normal  S-l.  Optical  aspects  are  dlsoussed 


in  Chapter  IV  of  this  report;  for  data  see  Table  III  here 


This  film*  consisting  primarily  of  oeslum  oxide # had 


reasonable  sensitivity  with  some  IR,  but  processing  was  rather 


touohy#  l.e.v  if  oyollng  of  Cs-0  was  continued  above  a certain 


optimum  point#  sensitivity  usually  disappeared  permanently 


For  detailed  reference#  see  Rpt.  No.  21*,  pg.  6-9 
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f9t  We  then  tried  to  uee  this  phenol 
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nome non  for  the  developmental) 


of  a new  prooeaalng  schedule.  It  was  found  that  additional 


evaporation  of  Ag  onto  auoh  a heavy  Ca-0  film  usually  reaultad  in 
good  sensitivity.  (Ref.  Rpt.  Vo*  27*  PS*  3 -5*) 

Ur 

A typical  prooaaalng  method  resulting  from  this  aapeet 
of  the  investigation  la  aa  follows: 

1)  A thin  layer  of  Ag  (2-8jf  eoverage)  is  evaporated 
onto  the  glasa  (no  prewetting) • 

2)  A number  of  cyoles  Ca-0  la  then  applied  onto  this 
thin  base  until  stability  of  sensitivity  is  achieved. 

i 

3)  Peaking  of  response  is  then  achieved  by  additional 
Ag  evaporation. 

4)  If  the  sensitivity  does  not  rise  satisfactorily 

upon  additional  Agt  the  evaporation  of  Ag  is  stopped  and  additional 


Cs-0  cyoles  are  again  applied*  and  so  on. 


44tf  The  transmission  measurements  of  the  layer  cathode  show 


a reversal  of  person tagea  of  Ag  veraua  Ca-0: 
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Tube  No* 

5235 

5238 

5642 

5644 


Ag.  Total 

26.5 

30.5 

35.5 
32.0 


’54  4/1' 

Ce-O.  Total 

40.5 

37.5 

28.5 

38.0 


In  comparison  with  the  normal  semitransparont  cathode 
(initial  Ag  coverage:  45-5550*  the  percentages  are  considerably 

changed.  It  appears * however*  that  the  "missing  thickness*  of  Ag 
is  made  up  by  increased  thiolcness  of  cesium  oxide  until  a certain 
optimum  thickness*  necessary  for  good  response  Is  aohleved.  Thus 

it  appears  that  optimum  performance*  which  is  in  the  case  of  the 

\ 

S-l  synonymous  with  good  IR  response*  requires  a certain  thlekneas* 


but  that  the  individual  constituents  can  vary  in  wide  ranges. 

Similar  "compensation"  effeots  have  also  been  observed  in  the 
spectral  response.  (See  Final  Rpt.*  AMC-136(T),  pg.  35.) 

(U)  This  peculiar  behavior  becomes  understandable  in  connection 
with  the  optical  constants  of  the  S-l  (See  Chapter  IV*  this  report)* 
which  requires  this  surfaoe  to  have  a thlekneas  of  n*%  close  to 
•5  if  processed  to  optimised  performance. 


i * • I 
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(U)  It  appears,  by  the  way,  from  our  optical  measurements  (Jy 
and  determinations  of  the  thickness  d,  refractive  Index  n,  absorp- 
tion coefficient  k,  that  similar  compensation  effects  ocour  In 


other  photocathodes  also* 

«w> 

fej-  The  main  advantage  of  the  layer  method  seems  to  be  that 
It  apparently  obviates  the  acute  dependence  of  the  oathode  quality 
on  the  Initial  condition  of  the  Ag  base.  (For  a detailed  discussion 
of  this  Influence,  see  Final  Rpt.,  AMC-136(T),  dated  Kay  12,  1967, 

pgs • 8-15*) 

u 

46?  Thus  It  was  possible  to  form  good  oathodes  In  the  unfavor- 

% 

able  image  converter  geometry  with  this  method*  Also,  the  Investi- 
gations of  oathode  processing  in  the  SpRC  (Chapter  V of  this  report), 
have  eventually  led  to  the  layer  method  as  the  best  possible 
formation  sohedule. 

(ff)  Spectral  response  of  the  better  layer  oathodes  also  show 
a more  shallow  slope  towards  the  threshold  which  la  a desirable 
effeet.  (See  Fig.  10,  11,  this  report*) 


1 
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fe)  The  observation  that  cesium  oxide  layers  could  be  built  ^ 


up  on  very  thin  Ag  films  to  fairly  heavy  deposits  (1i0-50£  trans- 


mission) led  to  the  speculation  that  similar  Cs-0  deposits  can  be 


built  up  on  other  thin  metal  films  resulting  In  different  types 


of  oathodes.  Only  one  such  attempt  was  made  on  a thin  Bl  film* 


However , no  "build-up"  of  cesium  oxide  deposits  was  possible.  The 


entire  change  of  transmission  took  plaoe  upon  the  first  cesium 


interaction,  with  subsequent  Og  exposure  having  very  llttly  effect. 


In  optical  performance  and  appearance,  this  cathode  more  closely 


resembled  a cesium  antimony  type.  Because  of  the  shift  of  Interest 


to  the  SpRC,  no  other  Investigations  on  other  metals  was  made. 


frOfr  A continued  effort  In  this  direction,  however,  seems 


warranted  with  metals  more  resembling  Ag  than  Bi  does.  It  Is 


possible  that  other  IR-sensltlve  cathodes  oould  be  found  In  this 


manner.  This  assumption  Is  based  on  the  fact  that  the  structure 


of  any  very  thin  film  of  metal  will  resemble  the  island  structure 


of  an  Ag  film.  This  Is  in  contrast  to  heavier  films  where  the 


structure  of  the  Ag  film  is  rather  unique. 


• ■ i 
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OPTICAL  DATA  AND  CONSTANTS  OF  THE  S-l  AND  RELATED 

(IT)  In  the  last  two  quarters  of  the  previous  effort , 

(AMC-136(T)  attempts  were  made  to  determine  the  optical  constants 

n (refractive  Index)  and  Ic  (absorption  coefficient)* 

(U)  During  this  previous  effort,  the  three  optical  data: 

Reflection  Into  the  substrate  (glass)  Ry 
Reflection  Into  vacuum  Ry 

Transmission  through  substrate  and  photooat hods  T 
were  measured  on  several  model  surfaces. 

(IT)  All  three  quantities  ware  measured  as  percentages:  The 

reflectances  against  the  reflection  1-  €h  of  an  opaque  Ag  mirror, 
(where  6a  Is  s wavelength  dependent  factor  ranging  from  .06  for 
3900&  to  .01  In  the  Infrared),  the  transmission  against  an 
unooated  bulb  under  analogous  geometrical  conditions. 

(U)  In  theory  these  three  data  should  be  sufficient  to 
determine  n,  k,  and  the  physical  thickness  d.  In  practice,  however, 

the  computational  problems  are  formidable.  The  three  quantities  oai 

I 

be  solved  only  with  the  help  of  a computer  program  and  then  only 


in  fair  approximation. 


(U)  The  equations,  which  give  these  three  quantities  In 
Involuted  form,  were  developed  in  Rpt.  No*  12  and  these  derivations 
are  reproduced  here  in  Addendum  I;  see  also  Fig*  12  this  report* 

(U)  Simplified  equations  of  the  type  I,  II,  III,  (See 
Addendum  I)  were  used  In  Rpts*  37-39  of  the  previous  effort, 
AMC-136(T)  to  oompute  n and  k for  one  model  aurfaee,  tube  No.  113A* 
The  values  arrived  at,  at  that  time,  are  In  error  because  no 
consideration  has  been  given  to  the  presence  of  the  seoond  glass- 
air  boundary. 

(TJ)  It  Is  quite  obvious  that  these  corrections  for  the  air- 
glass  boundary  will  deorease  the  already  rather  small  front 
reflection  of  the  S-l*  It  Is  because  of  tills  reason  that  the 
values  derived  previously  are  not  considered  representative  for 
the  true  optical  data  of  the  surface*  The  corrected  optical  data 
for  our  model  surfaces  are  shown  In  Fig*  13-19  of  this  report* 

f 

(TJ)  Equations  VII  - IX  of  Addendum  I are  now  the  corrected 
quantities  RpQ,  Ry0,  \whloh  constitute  the  triplet  sought  In 


the  oomputer  program* 


(U)  The  at  first  available  program  gave  these  quantities  for* 


0 k < 7.0  Stepslze  A k ■ .20 

1.0  < n -C  5.0  " An  * .25 

0 < dA  < .20  • Ad/^  * .005 


Graphs  were  made  to  determine  the  general  behavior  and  are  shown 
in  Pig.  20-34*  (See  also  dlsousslon  in  Rpt.  No.  18.  pg.  3-5*) 

(U)  The  praotloal  procedure  is  that  one  tries  to  match  one 
triplet  of  corrected  data  as  accurately  as  possible  to  a triplet  of 
computer  data.  Actual  computation  requires  interpolation  between 
the  values  of  the  computer  program. 

(0)  It  soon  beoame  obvious  that  the  evaluation  of  this  program 
for  the  optloal  data  of  the  S-l  was  unusually  cumbersome.  The  low 
front  refleotlon  together  with  the  large  vaeuum  reflection  and  the 
fairly  high  transmission  could  only  occur  in  the  region  around 
nd/A  ■ 1/2.  As  the  enclosed  graphs  show,  the  maxima  and  minima  are 


very  steep  there  and  very  small  changes  in  one  or  the  other  paramete 


caused  large  changes  of  the  optloal  performance.  Pur thermo  re,  valu 
to  the  left  and  right  of  the  minima  are  fairly  equal.  It  was  for 


i 


this  reason  that  a search  for  solutions  took  an  inordinate  amount  of 


computational  effort. 
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(U)  A similar  situation  Is  even  more  pronounced  in  the  ease 


of  the  Ag-layer  alone.  (Tube  No.  168  , 559;  see  Pig.  13,  11+ . ) These 


layers  have  very  small  Rp  combined  tilth  high  Ry.  This  again 


results  in  s much  larger  thlek ness  than  expeoted  and  also  in  high 


refractive  Indices. 

A A possible  explanation  for  these  results  may  lie  In  the 


fact  that,  as  we  definitely  know,  the  Ag  layer  Is  not  a homogeneous 
slab  of  material  but  consists  of  dearly  separated  micro-crystals. 


This  structure  Is  also  retained  in  the  completed  S-l,  as  our  photo- 


micrographs have  shown. 

\ 

& It  Is  quite  possible  that  a layer  of  such  structure 


displays  a rather  abnormal  optical  behavior  In  the  direction  of 


I 


its  base  versus  the  direction  of  Its  top  surface.  The  properties 


of  the  Ag  layer,  l.e.,  the  large  difference  between  front  and 


vacuum  reflection  seem,  to  a large  extent,  retained  In  the  3-1. 


m To  my  knowledge,  there  are  no  combined  measurements  of 


vaouum  reflection  and  front  reflection  for  thin  Ag  films  or  S-l 


cathodes  known  in  the  literature  and  this  problem,  therefore,  has 


not  been  considered  at  all. 
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^9t  Similar  difficulties  dp  not  seem  to  exist  for  the  alkali 


antimonides*  In  their  case,  the  evaluation  of  the  three  measured 


data  (T,  Rp,  Ry)  have  resulted  tentatively  in  a certain  thickness 


which  fits  reasonably  over  the  entire  spectrum*  The  thiokness  thus 


derived  at  is  in  reasonable  agreement  with  previous  estimates* 


(•flt  Of  course#  the  formula  for  R 


derived  with 


the  assumption  of  a homogeneous#  Isotropic  material*  It  seems  that 


such  a condition  is  reasonably  well  fulfilled  in  the  oaae  of  the 


group  of  the  alkali  antlmonldea  while  this  may  not  be  the  case  at 


all  for  the  S-l*  The  S-10#  whose  optical  data  seem  to  point  to  a 


connecting  link  between  these  two  groups#  also  seems  oloser  to  the 


alkali  antlmonldea 


While  it  appears  that  under  such  clroumstanoes  the 


determination  of  the  optical  constants  may  not  result  in  an  agree 


ment  between  "optical  thiokness"  and  actual  physical  dimensions#  I 


do  think  that  values  which  will  represent  the  behavior  of  the  admit 


tedly  Inhomogeneous  3-1  can  be  used  to  determine  and  predlot  its 


behavior*  It  is  also  clear  that  values  of  the  optical  constants 


L 


which  fit  the  optical  data  of  the 
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3-1  can  also  be  used  with  a 


better  chance  for  success  In  any  model  of  this  complicated  surface* 

Of  course*  the  knowledge  of  the  optical  constants  is  of  special 
Importance  in  the  space  reflective  mode* 

(U)  With  the  computer  program  available  only  up  to  n-fj,  It  was 
found  that  a certain  thickness  d/A  which  fitted  to  the  data  of  the 
S-l  model  surface  in  the  IR  did  not  fit  with  the  shorter  wave- 
lengths below  £OOo£*  The  values  computed  for  n also  did  not  fit 
a smooth  ourve* 

(U)  Calculations*  at  that  stage*  were  made  for  four  surfaces: 

R5  - which  is  a Rubidium  Cs -processed  surface. 

31*0,  113A  - which  are  good  Cs-processed  cathodes. 

* 

332  - appearance-wise  a somewhat  thinner*  low  IR*  cathode. 

For  R 5,  a thickness  d 117 oX  - gave  an  excellent  fit  at  600q£  & 111£q£ 
For  31*0,  d 115o£  - gave  a very  good  fit  at  llf>Oo£  and  657o£. 

For  113A,  d 108o£  - gave  a good  fit  at  1150q£  and  £60oK, 

For  332*  the  seemingly  thinner  cathode*  a thickness  d 13 00$ , was 
arrived  at  with  good  fit  at  10500&  and  65<>o£. 

(U)  The  data  computed  are  reproduced  in  Addendum  II. 
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(U)  Between  these  points,  s fit  with  refractive  indices 
n <5*0  was  not  possible.  It  appeared  thus  thst  the  curve  for  n 
would  have  to  show  a jump  to  higher  values  and  back  again*  Although 
the  fit  oomputed  for  the  lines  given  above  was  quite  good,  the  large 
thickness  and  the  behavior  of  n did  not  seem  satisfactory* 

(U)  At  that  time,  an  investigation  of  the  optloal  properties 
of  cesium  oxide  - hopefully  the  one  which  is  present  in  the  8-1  - 
was  begun*  Processing  techniques  have  been  described  In  Chapter  III. 
For  the  optical  and  electrical  characteristics  of  one  such  heavy  Cs 
oxide  layer  (final  ooverage  White  light)  on  a thin  Ag  base  ($% 

s 

ooverage),  see  the  enolosed  Table  III* 

(U)  This  investigation  was  undertaken,  primarily,  to  try  for 
another  explanation  of  the  optical  data  of  the  S-l,  because  the 
results  quoted  above  did  not  allow  satisfactory  interpretation  with 
one  thickness  for  the  entire  speotral  range,  and  was  based  on  the 
island  structure  of  the  Ag-layer  and  finished  cathode,  whloh  was 
revealed  in  numerous  mlcrqphotographa  under  AMC-136(T)* 

( * • • * i • 

i .1  i . 
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(U)  The  assumption  wee  that  it  Hay  be  possible  to  explain 


f 


these  data  through  an  addition  of  the  optical  properties  of  the  Ag 
base,  covering of  the  cathode  area  and  the  optical  properties  of 
a Cs  oxide  layer  covering  the  previously  enpty  portion  (l^CjO  of 
the  oathode  area*  To  this  purpose,  we  attempted  to  use  previous  .j 

measurements  on  one  surfaoe,  where  optical  data  were  measured 
throughout  the  development  of  the  surface:  Tube  #597*  Rpt.  No*  29, 

AMC-136(T);  see  also  Pig*  35,  36,  37,  this  report*  The  following 


uncorreoted  optical  data  were  measured  there! 


^§22 

% 

.4$ 

.505 

.60 

.80 

_i22 

Rp 

I 

5.0 

6*0 

8*0 

8.0 

7.0 

— 

rf 

II 

6*8 

11.0 

15.0 

17*0 

13.5 

— 

Rp 

III 

7*0 

11.5 

15.0 

18.0 

15.0 

14.0 

T 

I 

68.0 

59*0 

52.0 

52.0 

60.5 

66.5 

T 

II 

73.0 

60.5 

46.o 

34.5 

37.0 

44.5 

T 

III 

74.0 

60.5 

48.0 

33.5 

35.0 

43.5 

(U)  Here  State  I refers  to  the  very  lightly  oxidised  Ag  base; 
State  II  refers  to  this  base  after  oeslation;  State  III  refers  to 
State  II  ♦ 02  peaking*  Rp  stands  for  Front  Reflection,  T for 
Transmission* 

• I , { ' ' 
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(TT)  In  this  sample  we  see  quite  clearly  the  peculiar  effeot  of 
the  lnorease  In  blue  tranamlsslon  of  the  finished  oathode  vs.  the  Ag 
base*  while  IR  transmission  greatly  decreased*  Vacuum  reflection  had 
not  been  measured  on  this  sample* 

(U)  The  following  relations  would  have  to  apply: 

RI  " X‘RAg  * <1JC)rGL  * X*RAg  4 <«)•<#  (GL  - Glass) 

RIH*  X*RAg  * <1"X)RCs02 
Tx  - X-TAg  ♦ (1-X).92 


I 


(U)  neither  beeeuee  of  the  relatively  heavy  absorption  of  the  Ca 
oxide  layer  In  the  blue*  This  proves  oonolualvely  that  the  Ag  base 
la  changed  and  a homogenisation  of  the  entire  cathode  film  takes 

t 

plaoe*  Ve  therefore  decided  to  continue  explanation  efforts  under 
the  assumption  of  a homogeneous  film  as  before* 

(U)  Ve  tried  to  get  a continuation  of  the  computer  program  for 
higher  values  of  ”n"*  Suoh  a continuation  was  received  for  5*4 n<7*5# 
through  private  channels  and  only  in  the  last  months  of  the  contract* 
Agalnf  the  evaluation  of  these  data  took  a considerable  amount  of  time 
beoause  of  the  same  reasons  as  mentioned  above*  It  was  therefore  only 
possible  to  ooaipute  one  model  surface.  No*  113A#  The  measured  and 
Interpolated  values  of  the  optical  quantities  of  this  surface  whloh 

a 

d 

have  been  used  are  given  In  Table  IV  of  this  report*  The  best  results 
for  several  wavelengths  are  reproduced  In  Table  V* 

(U)  The  best  results  are  obviously  aohleved  for  the  range 
d * 570-590?*  Values  above  9000?  oould  no  longer  be  computed  because 
the  refractive  Index  Increases  above  7*5*  *e  that  n«dA  la  always 
close  to  *5  with  an  apparent  minimum  around  5000?  and  a slight  increase 

a 


(U)  towards  the  blua  and  IR*  It  appears  that  tha  strong  lnereaas  of 
n towards  tha  XR  la  ncoesaary  to  maintain  tha  condition  n»dA  elosa 
to  *5*  As  tha  previous  computations  show,  tha  numerical  values  of  n 
will  gat  smaller  for  larger  thloknessea  but  the  previous  values  do 
not  fit  a smooth  ourve  as  tha  beat  solution  here,  around  d ■ 570£*  does 
(XT)  A graphical  representation  of  n and  k against  A in  £ and  eV 
is  given  in  Fig.  38,39*  this  report*  As  oan  be  seen,  a certain  range 

of  thickness  results  in  nearly  parallel  curves  for  n,  with  n inversely  i 

. 

related  to  d in  order  to  maintain  the  condition  nd  * A/2.  A family  of 

parallel  curves  which  fit  for  several  triplets  covers  a range  of  d; 

% 

probably  within  only  +lo£  around  the  best  value  of  572^.  It  was  not 
possible  to  determine  the  exact  width  of  this  range  within  the  time 
available,  however*  Values  above  610&  and  below  $$o£  have  not  result* 
in  acceptable  fita  over  larger  spectral  regions*  Prom  the  previous 
computations  (see  Addendum  IX),  it  la  expeoted  that  the  other  3-1 

i 

surfaces  will  show  a similar  behavior* 

I 

' 

(U)  The  shape  of  the  ourve  for  k is  rather  insensitive  to  small 
changes  of  d (actual  numerical  values  of  k become,  of  course,  slightly 
smaller  yith  larger  d).  The  curve  scorns  to  Indicate  a minimum  around 

i 


■ - ---*» 


(U)  3500%,  which  la  to  bo  expected  and  would  be  followed  further  by 


a ateep  lncreaae  due  to  the  Ag  abaorptlon  edge*  in  the  UV. 


(U)  Another  independent  estimate  of  the  thlokneaa  of  the  S-l 


can  be  gained  fro*  aurfaee  C-2I^T;  aee  Fig*  4 thla  report  (for  refer- 


ilao  Rpt*  Mo*  31*  Fig*  1 and  pg*  5)*  Thia  aurfaee  waa  formed 


on  a dleleotrlo  apaeer  of  TiOg  whoae  thickness  waa  computed  to  be  200? 


Thla  aurfaee  diaplaya  a olear  interference  minimum  in  reflection  aroua 


5100?.  If  we  take  the  uaual  phase  condition  for  a reflection  miu 


which  will  apply  to  a good  approximation  regardless  of  the  absorbing 


properties  of  the  3-1*  we  hare: 


2Tr//i  (n±  dx  ♦ n2  d2)  ■ TT 


“no,4* 2,6 


(2.6  x 200  ♦ n2  d2)  ■ 2550 


n2  d2  ■ 203o£ 


(U)  If  we  take  the  refraotlve  index  of  113A  at  that  point*  as 


an  approximation*  n 


5ioo£ 


3*6*  we  get  d2  ■ 535?*  This  eloae  corre- 


lation la  certainly  gratifying  especially  if  we  oonsider  that  the 


initial  Ag  ooverage  in  113A  waa  $$%,  while  it  waa  only  50jf  in  0-21j|fY, 


which  would  even, explain  the  somewhat  lower  value  of  d arrived  at* 


' 1 * 


t 


I 


\ 
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(U)  Although  outside  of  the  soope  of  this  oontrect,  several 


B 1 

i 


:'1 


I i 


optlosl  constants  of  other  photooathodes  were  oonputed.  The 


following  date  are  given: 


S-10  Tube  Ho.  635 


3900*  : n ■ 2.32  k » 1.0  0 

dA  * .11  Thloknees  d * 430a 


8-20  Tube  Ho.  88-20 

5050*  * n ■ 2.875  k ■ .43 
d A - .095 


Thloknees  d * 480* 


8-20  Tube  Ho.  066 


U535*  * n - 3.58  k - .56 

dA  * .105  Thloknees  d 


9450*  t n • 2.26  k - .10 

dA  * *05  Thloknees  d 


475* 

470* 


8-9  Tube  Ho.  103 


4535*  s n ■ 4*62  k • .62 

dA  * *10  Thloknees  d 


455* 


8-11  Tube  Ho.  HX3 


3900*  * n - 4*75  k 
dA  * .095 


1.22 


Thloknees  d 


6000*  : n « 3.25  k 
dA  * *065 


►055 


370* 

Thloknees  d * 390* 


K-Oa  Surface  Tube  Ho.  B-l 


3900*  * n - 4*50  k 
dA  - .095 


1.07 


Thloknees  d 


- 370* 
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(U)  The  interpretation  of  the  optioal  data  ia  not  unduly 


difficult  for  all  other  phot oca thodes,  exoept  the  S-l,  and  a 


thickness  arrived  at  usually  fits  well  over  the  whole  spectruau 


This  is  due  to  the  faot  that  none  of  the  other  photocathodes 


like  the  S-l  does,  cones  dose  to  the  region  n%  ^ 0.5  where  the 


Interpretation  becomes  very  difficult.  The  computed  values  agree 


generally  well  with  other  published  data,  if  any. 


(U)  It  is  planned  to  present  more  complete  date  in  a 


publication 


IV.  SPACE  REFLECTIVE  CATHODE 


(U)  After  the  first  three  quarters  of  this  contract,  an  ever 


increasing  part  of  the  effort  was  devoted  to  the  formation  of  a space 


refleotlve  S-l, 


(U)  This  was  done  because  of  the  expressed  Interest  of  the 


contracting  agenoy,  although  we  had  made  it  clear  that  strong  enhanoe 


ment  effects  in  the  IR  region  were  not  to  be  expected  because  of  the 


already  known  optical  behavior  of  the  3-1.  Specifically,  any  effect 


(U)  comparable  to  the  3-2 0 - which  ia  nearly  optically  transparent 


| 

f; 


I 


l 


around  8000-8500®  - was  not  to  be  expected* 

(U)  The  study  was,  in  the  beginning,  hampered  through  the  eholee 
of  TIO^  as  the  dlelectrio  spaoer  which  turned  out  to  be  unsatisfactory* 
TlOg  was  selected  beoause  of  its  high  refractive  index  of  2*6  in  the 
IR.  It  was  thought,  at  that  time,  that  we  could  add  a side  line  and 
also  Improve  the  performance  of  the  semitransparent  S-l  because  of 
front  reflection  suppression  due  to  this  high  refractive  index* 

(U)  We  assumed  that  formation  of  the  S-l  on  a dielectric  sub- 
strate monitored  for  vacuum  incidence  response  would  not  be  very 

i 

different  from  the  processing  of  the  S-l  on  the  same  substrate  backed 
by  a metallic  mirror*  But  we  observed  that  growth  of  response  and 
processing  behavior  was  quite  different  if  vaouum  incidence  response 
was  monitored*  The  very  different  reflection  for  the  two  sides  of 
the  oathode  makes  that  understandable*. 

(U)  Aluminum  was  seleoted  initially  for  the  metallic  backing 

J 

because  it  was  assumed  that  possibly  an  interaction  between  the  Ag 
film  and  the  oathode  processing  would  take  plaoe*  We  found,  however,  \ 
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(U)  that  it  was  impossible  to  convert  Ti  into  the  wanted  dieleetrie 


TiOg  on  aluminum  without  severe  "break  up"  ef foots* 

(U)  We  were  not  able  to  develop  any  satisfactory  method  of 
forming  TiOg  layers  on  aluminum.  We  then  switched  to  silver  aa  the 


baoklng  mirror.  Reaults  were  somewhat  better  and  we  were  able  to 
form  several  low,  space  refleotive  cathodes*  Por  a description  of 


the  best  method  developed  for  conversion  of  metallic  Tl  into  TiOg, 
aee  Rpt*  Ho*  19,  pg*  3 and  Table  I there. 


(TJ)  On  the  whole,  the  eoatbination  of  Ag  ♦ TiOg  gave  an  unaatis- 

i 

'A 

factory  yield  of  usable  refleotors*  In  most  oases,  the  Ag  mirror 

* 

showed  a tendenoy  to  oloud  upon  the  TiOp  conversion*  All  our  efforts 

. 

| 

to  eorreot  this  remained  unsuccessful.  We  therefore  decided  to  switch 

.1 

to  310  as  the  dieleotrlo  spacer*  A satisfactory  method  of  evaporation 

I 

was  eventually  developed  by  evaporating  from  a generator  type  S10 
aource  which  is  fitted  with  a small  opening*  This  source  resembles 

■ 

a point  source  and  good  uniformity  of  the  deposit  on  the  spherleal 
bulb  type  was  usually  achieved.  (This  uniformity  waa  verified  through 
the  uniform  color  of  the  finished  cathode  over  the  entire  deposition 


i i i > i • ■ i 
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(U)  • area).  Through  tha  uniform  heating  of  the  evaporant  through  the 
Te  generator  envelope*  aputterlng  was  virtually  eliminated* 

(U)  However*  even  with  S10  the  Ag  mirror  still  showed  clouding 
tendencies  upon  exposure  to  oleaning  solvents  or  baking*  Only  after 
we  switched  baok  to  A1  a satisfactory  yield  of  good  films  was  observed* 
As  a matter  of  routine*  the  glass  substrate  was  heated  to  150-200°C 


i 

during  810  evaporation*  On  the  aluminum  mirror  SlO  films  of  any 

' 

desired  thiokneaa  could  be  deposited*  cleaned*  and  baked  without 

1 

J 

"break  up"* 


(U)  It  should  be  mentioned  here  that  T10  as  well  as  SlO  films 
of  any  thickness  could  be  deposited  to  glass  proper, adhered  well  and 
showed  no  "break  up"  effects* 

(U)  A schedule  of  the  preparation  of  the  reflector  ia  as  follows: 
a*  After  the  usual  hard  glass  cleaning*  the  Ag  strip  cathode 
connection  is  painted  onto  the  glass  and  baked  at  120°C  for  about  1 hr* 
b*  Aluminum  is  evaporated  in  a 10**6  vacuum  to  opaolty* 

This  evaporation  la  completed  in  7-10  aeoonda*  A mask  of  approximate! 
one-half  inch  in  diamater  shields  a portion  of  the  later  cathode  area 
which  can  be  used  for  front  transmission  measurements* 
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(XJ)  o.  The  aluminum  mirror  la  baked  at  2$0°C  In  air  for  2 houri 


d.  310  la  evaporated  from  a generator-like  source  to  the 


dealred  optioal  characteristics  in  a 10”^  vacuum. 


a.  After  deposition,  the  SiO  deposit  is  washed  with 


deionised  water,  isopropyl  and  acetone  and  then  blown  dry. 


(TJ)  During  evaporation,  the  transmission  through  the  glass  plus 


310  deposit  is  measured  through  the  open  hole  In  the  mirror.  At  the 


same  time,  the  reflection  from  the  aluminum  backing  plus  growing  310 


deposit  is  measured.  Both  of  these  measurements  are  done  with 


suitable  monochromatic  (or  color)  filters.  The  evaporation  of  the 


310  Is  performed  stepwise  and  these  two  optioal  oharacteriatlos  are 


measured  after  each  step. 


(XT)  As  the  optioal  data  of  opaque  A1  and  310  are  known  In  the 


IR  (at  least  In  good  approximation)  the  thickness  of  the  310  deposit 


can  be  com  „ed  from  reflection  and  transmission  measurements. 


(XT)  These  computations  have  been  performed  and  their  reaulta 


and  discussion  are  presented  In  Addendum  III. 


I .11 
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(U)  The  optical  behavior  of  the  sandwich  Ag-SiO-Ag  (eaaentlallj 
an  interference  filter)  was  studied  in  stepwise  evaporation  of  the  Ag 
layer  onto  the  space  reflector*  Figure  No.  1+0,  this  report,  shows 
the  behavior  of  two  samples,  observing  the  expeoted  minimum  and  turn- 
around to  higher  values  in  reflection.  For  a detailed  disousslon 


see  Rpt.  No.  27,  pg.  7* 

(U)  Only  when  the  problem  of  the  space  reflector  was  solved 
satisfactorily  - after  an  undue  amount  of  time  and  effort  - could  we 
proceed  to  the  problem  of  oathode  formation.  All  previous  attempts 
to  form  cathodes  on  substrates  with  any  degree  of  "breakup"  had 


resulted  in  poor  oathodes. 

(U)  Ouring  cathode  formation,  two  optical  measurements  were 
made:  Transmission  through  an  area  oovered  with  the  SiO  layer  only  and 


vacuum  reflection  of  a monochromatic  line  (usually  9$00/l).  This  allows 
us  to  oompare  performance  and  "thickness”  of  the  oathode  formed  on  the 
space  reflector  with  the  semitransparent  cathode.  At  the  same  time, 
reflection  of  a monoohromatio  line  (here  950o£),  is  measured  from  the 


spaoe  ref leotive  oathode  simultaneously  with  the  sensitivity  at  this 


line. 
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Thus  we  gain  some  Insight  In  the  formation  mechanism.  In 


the  initial  stages,  Ag  evaporation  and  cesium  Interaction  lower  the 
reflection  drastically  while  oxygen  Interaction  Increases  reflection 
(as  well  as  transmission) • The  very  strong  sensitivity  of  the  vacuum 
reflection  with  increasing  thickness  becomes  less  and  less  pronounced 
as  the  cathode  becomes  heavier*  This  is,  of  oourse,  explainable  from 
the  fact  that  we  are  getting  closer  to  a minimum  In  the  turnover  point 
of  the  reflection*  We  have  Indeed  observed  that  additional  Ag  evapora- 
tion would  lead  to  an  increase  of  the  reflection*  This  behavior  would 
also  be  shown  from  the  two  examples  in  Figure  40«  Figure  41  shows  a 
graphical  representation  of  the  formation*  This  surfaoe  #*>24 3 la  an 


example  of  the  layer  cathode* 

The  layer  method  (see  Chapter  III)  has  given  the  best  yield 
of  good  cathodes  from  among  all  the  processing  methods  investigated* 
The  layer  method,  of  course,  permits,  by  Its  nature,  to  observe  the 
effect  of  small  dosages  of  the  cathode  constituents  and  their  effect 
upon  absorption  properties  of  the  SpRC.  This  method  which  builds  the 
thickness  of  the  cathode  up,  layer  by  layer,  has  also  demonstrated 
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nicely  the  fact  that  IR  sensitivity  appears  only  after  a certain 


thickness  of  the  cathode  has  been  reached*  It  was  found  that* 


although  monochromatlo  absorption' (as  a minimum  of  reflection)  could 


be  peaked  quite  dearly*  this  did  not  always  result  In  a peak  of 


photoresponse*  The  9500&  response  usually  peaked  around  or  slightly 


before  the  9500 X absorption  and  additional  attempts  to  increase 


absorption  (usually  through  small  additions  of  Ag)  had*  in  the 


majority  of  oases*  no  beneficial  effects* 


(U)  While  the  evaporation  of  the  SiO  film  on  the  A1  mirror 


causes  only  slight  interference  phenomena*  the  formation  of  the 


cathode  produces  sharp  interference  effects  in  reflection*  These 


effects  are*  of  course*  strongly  dependent  on  the  uniformity  of  the 


spacer  and  the  thickness  of  the  cathode*  Although  visually  the 


cathodes  appear  uniform*  rather  large  variations  have  been  observed* 


As  a comparison  of  different  spots  shows*  a certain  correlation 


between  increased  absorption  and  photoresponse  seems  to  exist  in  the 


visible  range*  For  data  taken  on  some  early  surfaoes*  see  Rpt*  No* 


2 4*  Table  II* 


(U)  As  the  layer  method  was  established  ae  the  best  way  to 
process  SpRC’s,  it  was  unfortunate  that  optical  constants  for  this 
type  of  cathode  had  not  been  computed.  There  was*  however*  good 

reason  to  expeot  that  the  layer  S-l  would  have  a similar  ourve  shape 

’ 

. 

for  n as  the  semitransparent  S-l. 


(U)  The  equations  for  the  reflection  of  A 1+3 10,  shown  In 
Addendum  III  were  used  to  determine  the  thickness  d of  our  different 
fractional  spacers  (percentage  of  the  full  possible  change  of  the 
reflection) • 

(U)  Expressed  as  percent  of  Initial  reading  (100^  « 86*5^  true 
reflection)  we  get: 


1/1 

spacer 

(100  to  72.2*) 

m 

880J? 

2/3 

(100  to  81.5JO 

m 

660# 

1/3 

it 

(100  to  89.530 

m 

1*1|0£ 

1/6 

M 

(100  to  95*  030 

m 

300J? 

1/9 

a 

(100  to  96.530 

m 

220 ft 

(U)  Experiments  with  spacer  thicknesses  well  below  20o£  and  with 

. 

thicknesses  above  80Q&  were  unsuccessful.  The  best  yield  was  achieved 
with  the  formation  of  layer  oathodes  on  1/6  apaoera. 
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silvery  color  (similar  to  an  opaque  cathode),  the  1/12  spacer  oathodes 
are  medium  dark  green,  the  l/6  spacer  ones  are  dark  green,  the  l/3 
spacer  ones  are  dark  blue  green,  the  2/3  spacer  ones  are  dark  blue- 
violet,  and  the  heavier  spacer  oathodes  are  .bright  blue. 


(U)  Electrical  properties  of  the  surfaces  of  Interest  are  shown 
In  Table  VI,  this  report* 

(V)  In  the  following,  a cursory  determination  of  the  thlcknes* 
of  the  S-l  SpRC  is  given  in  consideration  of  the  results  of  Chapter 
IV*  To  this  purpose,  we  list  the  measurements  of  reflection  taken  on 
three  good  SpRC's,  No*  52107,  52110,  and  52121  (all  layer  cathodes); 
see  also  Fig*  42»  this  reports 


in  jx 

*45 

.505 

.60 

.80 

*95- 

102 

52107  : 

28.0 

3.0 

10.5 

20.5 

12.0 

9.5 

16.0  j 

52110  : 

14*0 

9*5 

24.0 

28.0 

15.5 

12.0 

lll.O 

52121  : 

30.5 

8.5 

19.0 

25.5 

15-0 

11.5 

47.5*  1 

(U)  All  of  these  surfaces  were  processed  with  observation  of 

' 

I 

| 

vacuum  reflection  at  10600&*  All  three  show  a dear  minimum  of  refleo<! 

1 

tlon  near  4535^  and  another  mlnumum  near  950o£*  The  exaot  locations 
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(U)  of  the  minima  were  not  established  because  of  the  few  discreet 


points  measured.  We  will,  in  the  following  assume  a reflection  minim 


at  9500&. 


(U)  Processing  was  performed  essentially  to  a minimum  of  reflec* 


tion  with  the  Initial  reflection  of  the  Al+SiO  given  as  starting  poitt 


(U)  For  the  minimum  reflection  the  oonditlon  nd  * A/4  should  be 


observed. 


(U)  If  we  Insert  the  refractive  indices  of  our  model  surfaoe  ini 


this  equation  for  the  extremes  of  the  curves  in  Fig.  42  we  get 


45001?  : 3.65  x d - 1125&  d « 308# 


95008  : 8.0  x d = 2375^  d - 297^ 


(U)  Although  the  assumption  that  the  S-l  on  the  space  reflecto: 


will  have  the  same  refractive  indices  is  not  assured , the  good  agree 


ment  for  d shows  conclusively  that  they  will  show  a proportionality 


(i.e.f  lie  on  a ourve  parallel  to  the  ones  shown  for  113A).  The 


numerical  values  for  the  extremes  of  course  depend  on  the  actual 


numerical  values  of  n and  Ic  and  cannot  be  oomputed  without  them. 
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(U)  The  rather  shallow  second  minimum  of  reflection  indicates 


that  no  pronounced  "hump*  in  the  spectral  response  curves  can  be  j 

expected  and  a more  shallow  slope  of  the  IR  response  is  actually  whet 

I I 

has  been  observed  (See  Fig,  43#  4i|»  this  report), 

(U)  Apparently  the  condition  of  optimized  absorption  in  the  SpRC  | 
and  optimized  response  of  the  cathode  (n  % close  to  l/2)  are  quite 
far  apart  and  this  may  well  explain  the  inefficiency  of  the  absorption 
as  the  intensity  distribution  will,  of  course,  not  be  the  one  outlined 

a 

for  the  semitransparent  S-l  in  Chapter  VI, 

I 

(U)  Future  efforts  in  space  reflective  mode  will  have  to  be 

, 4 

* 

1 

directed  towards  correction  of  this  inequality* 

I 

j 

' 

I 

.1 

VI.  THOUGHTS  ABOUT  A MODEL  OF  THE  S-l 

• m 

. 

(U)  From  all  the  work  performed,  the  question  arises  whether  it 

I 

is  possible  to  develop  an  explanation  for  the  peculiarities  of  the  S-l 

' 1 

photosurface, 

(U)  The  simple  sketching  of  a band  model  would  explain  very 

I 

little  because  the  values  would  have  to  be  rather  random  without  any 
theoretical  foundation*  Suoh  attempts  have  been  made  repeatedly  in 
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(U)  the  literature  and  have  not  been  able  to  give  a satisfactory 
theory*  Thia  is  in  contrast  to  the  family  of  alkali  antimonidea 
which  can  be  approached  through  tl^e  usual  solid  state  methods. 

(U)  In  order  to  understand  the  difficulties,  we  will  first 
enumerate  the  differences  between  the  S-l  and  the  alkali  antimonides: 
The  S-l  is  the  only  photooathode  of  importance  which  shows  optical 
absorption  into  the  IR*  In  some  of  our  measurements,  absorption  has 
been  shown  to  exist  as  far  out  as  1.6  microns*  Numerical  values  of 
this  absorption  may  change  from  surface  to  surface  according  to  thick- 
ness and  processing*  The  fact  that  optical  absorption  takes  place  in 

k 

the  IR,  of  course,  is  the  factor  which  permits  sane  photoelectric 

conversion  to  take  place  in  this  region.  (In  this  connection,  some 

. 

sources  in  the  literature  claim  that  very  weak  photoelectric  emission 
in  the  S-l  has  been  observed  as  far  out  as  1.7  microns*)  This  is  in 
sharp  contrast  to  the  alkali  antimonides  whose  absorption  goes  to  zero 


around  .85  - *9  microns* 

(U).  The  optioal  absorption  in  the  IR  appears  to  be  preordained 
in  the  Ag  base.  As  our  investigations  have  shown,  the  Ag  base  layer 


] 
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(U)  itself  has  absorption  in  the  IR  (in  most  cases  proven  out  to  aboul 
1.2  microns,  see  Fig*  13,  14)  in  the  thickness  commonly  used  in  cathodi 
preparation*  Numerical  values  of  this  absorption  again  vary  with 
preparation  technique  and  thickness* 

(U)  In  the  Sb  thicknesses  used  for  cathode  preparation,  to  the 
best  of  our  knowledge,  IR  absorption  above  *9  microns  is  rather  small* 
(U)  In  cathode  processing,  the  IR  absorption  increases  strongly 

in  the  case  of  the  S-l*  Numerous  examples  have  been  given  under  the 

. 

previous  effort,  AMC-136(T),  see  also  this  report.  Fig*  35-37*  In  the 
processing  of  alkali  antimonides,  on  the  other  hand,  no  IR  absorption 

k 

develops* 

(U)  It  was,  however,  observed  that  IR  absorption  as  well  as  sen- 
sitivity were  dependent  on  attaining  a certain  thickness  of  the  cathodi 
film*  The  remarkable  fact  was  uncovered  that  it  made  no  difference  in 
which  manner  this  thickness  was  attained;  that  means  the  constituents 
of  the  cathode  could  be  varied  to  a large  extent*  The  observation  of  j 
layer  cathodes  made  it  possible  to  observe  this  quite  clearly*  Thus, 


it  was  possible  to  obtain  IR  absorption  and  sensitivity  by  depositing 


1 


j 


(U)  heavy  Ca-0  layers  on  very  thin  Ag  bases  or  depositing  Ag-Cs  layers 

. 

. 

with  minute  amounts  of  02J  or,  depositing  heavy  Ag  layers  with  relative!; 

1 

small  additional  changes  through  cesiatlon* 

(U)  Another  fact  is  the  quite  large  difference  in  the  reflection 

i 

- 4 

and  transmission  of  the  S-l  versus  the  alkali  antlmonldes.  While  in 
the  alkali  antlmonldes  the  reflection  into  the  glass  substrate  is  in  t' 
range  of  35-45$  in  the  region  of  high  absorption with  values  declining 

t 

towards  the  IR;  and  the  corresponding  vacuum  reflection  is  in  a regular 
fashion  higher  in  dependence  on  the  absorption  coefficient;  the  S-l 
shows  the  previously  discussed  behavior  of  very  low  reflection  into  the 

I 

glass  (5^  - 18^)  with  very  much  higher  reflection  into  the  vacuum* 

' 

(u)  ^hese  remarkable  properties  tend  to  support  the  theory  that 

. • 

the  IR  response  of  the  S-l  is  very  much  dependent  on  the  achievement  of 
a certain  optical  condition*  This  has  led  us  to  concentrate  a great 

deal  of  effort  on  the  determination  of  the  optical  data  and  constants 

■ 

of  this  surface*  in  the  course  of  this  investigation,  we  were  also  abl< 

. 

to  investigate  the  other  photosurfaces  and  to  draw  comparisons*  Rellabl 


■ 


optical  measurements  of  the  S-l  in  the  IR  are,  aa  best  we  could 


determine,  not  available  in  the  literature* 
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(U)  The  optical  effort  resulted  in  the  determination  of  numerical 
values  of  the  optical  constants  for  a model  surface  which  can  be 
considered  typical  for  the  3-1, 

(U)  The  interesting  fact  was  established  that  throughout  the 
computed  range  ( ,l|p  to  ,95)1) » the  values  of  n%  had  to  be  very  close 
to  ,5  in  order  to  explain  the  optical  performance  of  the  S-l,  This 
resulted  in  very  high  refractive  indices  for  the  IR  in  order  to 
maintain  this  condition  with  decreasing  d//\,  see  Fig,  38,39* 

(U)  This  condition  results  in  an  Intensity  distribution  in  the 
cathode  which  will  be  shown  later,  and  which  is  quite  different  from 

I 

the  one  encountered  in  the  alkali  antimonides  where  n is  much 
smaller  than  ,f>,  especially  in  the  IR,  This  intensity  distribution 
has  also  accounted  fully  for  the  differences  of  vacuum  - and  front 
absorption  as  well  as  the  ratio  of  vacuum-to-front  incidence  response. 
Some  of  the  thoughts  which  enter  into  this  model  have  already  been  set 
forth  in  the  Final  Rpt.,  AMC-136(T),  pg,  36-l|3* 

(U)  We  quote  from  there:  *The  IR  levels  which  are  created 

through  Og  doping  seem  to  be  very  close  to  the  vacuum  interface  of  the 


• » 
• - 
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(U)  surface,  while  the  states  responding  to  the  shorter  wavelengths 
are  probably  distributed  through  greater  thicknesses  of  the  fllm» 

This  hypothesis  is  supported  primarily  through  observation  of  a slump 


and  aftertreatments, 


(U)  The  IR  response  seems  to  emerge  from  layers  of  the  film 
which  are  close  to  the  vacuum  interface*  It  seems  that  the  further 
towards  the  IR  we  go  the  thinner  the  actual  photoemissive  thickness 
becomes*1* 

(U)  The  following  mathematical  derivations  are  based  on  these 

thoughts  which  require  the  existence  of  a suitable  probability  function 

* 

which  governs  the  efficiency  of  emission  due  to  the  intensity 
distribution  in  the  film; 


r^,  t^  Fresnel  coefficients 


r*  Au i 


W,r, 


IU=  1*50 


2 = 0 


X *nrik» 


ho-  l.0x 

Vacuum 


(U)  We  consider  a wave  of  unity  amplitude  (EQ  «*  1.0)  In  normal 
Incidence  from  n2  **  1.5  (FI)  upon  the  boundary  Z **  0.  Because  of  normal 
Incidence,  which  simplifies  the  computation  and  shows  all  significant 
characteristics  of  the  solution,  the  difference  between  the  polarized 
components  of  Ep  and  Efl  disappears.  Very  similar  derivations  apply  to  the 
case  of  vacuum  incidence  (VI). 

(U)  The  sunmation  of  the. waves  travelling  in  the  negative  z direction 
results  in  £'(2)-  [ I " 

In  the  positive  z direction  in 

The  appropriate  phase  change  for  moving  from  z «*  0 to  z inside  the  film 

ia  e-l<,,a'.  i «'*<£,*,) 

S,  -<^K  + i^n  1 * , 

Adding  the  appropriate  phase  changes,  and  summing  the  terms  shown  above 


results  in 


t, aii,%  + Xt,r1e',<5,i [l  - r,(\2.  +(f,fkX)V,„] 


where 


- 
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(U)  This  leads  after  summation  of  the  geometrical  series  to  the 


complex  electric  field  vector 


VI  1)  r , , + l) 

t,t  J“  |+r.rae-^^- 


Which  gives  the  field  in  any  point  z In  the  film.  It  can  be  shown  that 


this  solution  fulfills  Maxwell's  boundary  conditions  at  both  boundaries 


- 0 and  z = z^.  All  more  explicit  calcuh  tlons  and  proofs  will  have 


to  be  given  in  the  publication  of  these  findings. 


(U)  The  intensity  inside  the  layer  n^,  k^  is  given  by 


After  cumbersome  computations  we  arrive  finally  at  the  intensity 


distribution 


VI 2)  1(a)  = 


o \ _[0W+bfl‘ 

in  the  cathode  film.  Here  = &A  - 

if  * SiS***/^ 


The  denominator  X is  a constant,  given  by  the  thickness  and  the  refrao* 


tlve  indices. 


-*2- 


(U)  b^,  a^,  b 2,  A,J3,C,D  are  the  wellknown  coefficients  which 

determine  the  optical  behavior  of  the  film.  They  have  been  defined  in 
Rpt.  No.  12,  pg.  8,9.  There  we  find  also  the  expressions  which  define 
the  reflection  and  transmission  of  the  cathode  film. 

For  incidence  from  the  vacuum  we  find  the  appropriate 'coefficients 


®2*  ^1*  ^2* 


®1  = “®1 


bi  - -bi 


b2  = -b2 


Note  that  a wave  of  unity  amplitude  coming  from  the  medium  n^.  * 1*5 

2 

has  the  energy  : E2  * n2  x(A2)  * 1.5  — j - while  a wave  of  unity 

amplitude  coming  from  nQ  = 1.0  has  the  energy  EQ  « 1.0  x(l.o)»  1.0 

Of  course,  we  obtain  the  numerical  value  of  the  transmission  from  the 


solution  I(z  = Zj)  to 


To  *10) 


A similar  expression  thfch  applies  for  vaouum  incidence. 


(U)  The  solution  consists  of  three  "waves",  one  going  in  the 
negative  z direction  ( ),  one  going  in  the  positive  z 

direction  ( <2-  ^ ^ ) and  the  third  term  which  le  the  interference 


term. 
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(U)  This  intensity  distribution  has  now  been  evaluated  for  the 
MI3A} 

known  n,  k of  the  S-ly  at  several  wavelengths*  The  case  of  800QA  is 

. 

shown  as  an  example.  Because  of  the  large  computational  effort 

t 

involved,  approximate  values  (n  = 6.75»  k **  .60)  available  from  the 
computer  program  have  been  used.  The  intensity  distribution  for  glass 


incidence  is  as  follows:  (All  numerical  values  refer  to  the  model 

surface  113A) 


z = 0 

1(0) 

= .495 

Glass  - Film  Boundary 

z = 1/4 

Ki/4) 

s 

OJ 

. 

II 

z = 1/2 

1(1/2) 

*037 

Z = 3/4 

K3/4) 

= .248 

z = 1.0 

Kl.O) 

= .436 

Vacuum  - Film  Boundary 

Transmission  T ■ E*  * 
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(U)  A similar  distribution  Is  found  for  the  vacuum  lncldonoe 


1(0)  **  .215  Veouum  - Film  Boundary 

I(lA)  = .108 
1(1/2) » .026 
I(3/lj)  ® .110 

1(1.0) » .196  Glass  - Film  Boundary 

Transmission  T a « m£Cj 

The  values  at  1(1)  result  of  course  in  the  same  value  because  the 
transmittance  in  both  directions  is  the  same. 

(U)  We  can  see  the  important  fact  that*  regardless  of  the  absorb 
ing  properties  of  the  film,  the  intensity  has  again  a maximum  at  the 
boundary  z a z^.  The  absorption  can  be  computed  from  the  numerical 
values  of  the  three  wave  amplitudes  in  the  brackets  of  eq.  VI  2). 
Negative  z wave:  A (0)- •==  £ “ l«70  ' AQ)  * 1*0 

Positive  z wave:  A (P)  m<2-  fai  * bjL ) * . ^3  ; AO) 

Interference  from:  A(P)’  ^ 1*^  1 ^0)  ~ 

This  third  term  results  in  energy  retained  in  the  interference  pattern 
which  has  to  be  subtracted. 


(U)  The  absorption  in  % of  unity  incident  energy  is  now  given  by 
(ttaifrV  , Q |,70-L0[  + |.3sr-.al  - |l«-Ui|)» 

- .l*K>x.  4.5*  ,85  = .54, 

Tha  accurate  value  for  800q£,  computed  with  tha  aeourata  n,  If,  reaulta 
in  .59,  which  is  a fair  agreement. 

The  analgous  calculation  for  the  vacuum  incidence  results  in 

Q 4 fe£ig/’|  i/jo-l.ol  + |,lfo-.2if|-|U7-l.ol|)  = 

N 1*0  I • 0 \w  * 

» ,0U* 10. IX  .Go  - .<f3 

Again  a fair  agreement  is  reached  as  the  accurate  figure  is  .1A5* 

s 

We  can  see  thus*  that  this  model  is  capable  of  explaining  the  large 
differences  in  vaouum  - versus  glass  incidence  absorption. 

(U)  Because  of  the  oondition  similar  intensity  dis- 

tributions are  observed  for  a 11  wavelengths  and  similar  agreements  have 
been  found  (the  specific  example  of  A 8 1+6 OoS  has  been  computed). 

* I 

(U)  The  photoeleetron  production  l ^ (?)  at  any  point  ? 
is  given  by  l|>h  (O  p 

9”^  Conversion  faotor  independent  of  /\ 
p(s)  m Probability  of  emission 


■i 

■■J 


(U)  Because  of  the  difference  of  vacuum  - and  glass  incidence*  the 
two  probability  functions  will  be  different.  Assuming  that  p(z)  * 1/2 
at  the  vaouum  boundary  we  get 


VI  3)  Vaouum  : |°G0  “ '/* <s 


VI  U)  Glass  : p (a.)1*  Va.  e 

if  we  select*  as  usual  an  exponential  dependence. 

(U)  The  following  table  gives  some  numerical  values  for  escape 
probabilities  for  VI  and  FI. 


F-1.0 

F— 2.0 

F-4.0 

Z - 0 VI 

1/2 

1/2 

1/2 

Vacuum-Film  Boundary 

FI 

.184 

.067 

.009 

Glass-Film  Boundary 

z « 1/k  VI 

.39 

.30 

r .184 

FI 

.236 

.11 

.025 

5-1/2  VI 

.30 

-=* 

CO 

H 

. 

.067 

FI 

.30 

.184 

.067 

z - 3A  VI 

.236 

.11 

.025 

FI 

.39 

.30 

.184 

z - 1.0  VI 

.184 

.067 

.009 

Glass-Film  Boundary 

FI 

1/2 

1/2 

1/2 

Vacuum-Film  Boundary 

of  course  the 

thickness 

of  the  " 

effective 

aotiven  layer  decreases 

rapidly  with  Increasing  P. 
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(U)  The  total  photoelectron  production  In  the  film  is  now  given  by 

h\ 


cPn  J k^p^k 


Because  of  the  two  different  probability  functions , the  results  of  the 


integration  are  different  for  VI  and  PI* 


VI  5) 


lp„FL 


o-T  | , -ir+B  ~ 

£ — - f 1-  — 


'e'r[-F(&toU  + MnU,  It)  + 1 


i*  CIxT7  + \)x  U 


VI  6) 


— - ~F  / \ ~o-  ~f= 


IffcVl 


ih-F 


eF(A-'Fa1)_+ 


/L,  -r  n Q i Mx;  t 


Here  M,  M are  the  multiplying  factors* 


As  the  photonelectron  conversion  is  an  elementary  process,  the  intensity 


should  be  expressed  in  photons:  < )0  ^Wcdt 

^ Number  of  photons  N*. 
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(U)  Then  we  get 
M ■ (l 


2.N 


Vi+kp  • Ne  ' C, 


M " *‘5  •'fa' 


(U)  Numerous  calculations  have  been  made  to  determine  the  value 

of  i . at  several  wavelengths  for  the  model  surface  113A.  The  absolute 
Ph 

sensitivity  and  the  ratio  FlAl  had  been  determined  on  this  surface 
with  a fair  degree  of  accuracy.  The  following  values  are  listed: 


in  >x 

.a22_ 

• 

•kL. 

.60 

.80 

_a22 

_*25 

1.06 

FI  (mAA)  i 

2.35 

2.30 

3.30 

2*. 20 

5.20 

3.50 

2.15 

.70 

fiAi  * 

1.36 

1.31 

1.35 

1*44 

1.2*2* 

1*44 

1.42 

1.45 

(U)  Any  worthwhile  model  must  be  able  to  explain  these  two  data. 
(U)  Besides  the  peak  sensitivity  at  800qR,  we  selected  two  pairs 
with  equal  sensitivity  for  the  computation: 


460  Ofi  9 


2.2*  mA/W 


5350*  : 


3.5  mA/V 


92*00)?  i 9000)?  : 

(U)  For  F(A»k)  * 0,  the  following  values  were  computed  in  relative 


units: 
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8000 R 

JL  - . * 

SS 

3.20 

phFI 

fiAi  ** 

1.42 

iphVI 

83 

2.25 

9000/P 

A ^UDT 

8 

4-50 

pnFl 

fiAi  ** 

1.50 

iphVI 

SS 

3.00 

4600* 

1phFI 

m 

1.94 

fiAi  * 

1.37 

iphVI 

SS 

1*42 

, 

(U)  While  the  ratio  FiAi  has  the  right  magnitude,  the  photosen- 
sitivity does  not  show  the  spectral  response  shape  at  all*  This  Is  of 
course  to  be  expected  from  the  known  fact  that  the  absorption  and  the 
photoresponse  are  not  related  in  a straightforward  manner* 

(U)  We  are  thus  forced  to  introduce  our  assumption  that  In  the  S-l 

k 

different  layer  thioknesses  contribute  to  the  electron  production.  This 
concept  of  course  Is  introduced  through  a suitable  selection  of  the 
factor  F(J»,  k)  in  the  probability  function* 

(U)  It  is  obvious  that  this  probability  function  will  be  a rather 
complicated  funotlcn  beoause  It  haa  to  explain  the  drop  of  sensitivity 
towards  the  high  energy  photon  end  of  the  speotrun  as  well  as  towards 
the  low  energy  photon.  Infrared* 

(U)  Much  computational  effort  has  been  applied  in  order  to  determine 
the  governing  funotion  and  a partial  suooesa  was  aohieved* 
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(U)  The  function  F(fc , k)  must  be  of  the  form 


where  E0  is  the  threshold  energy  conveniently  expressed  in  eV.  This 


satisfies  automatically  the  condition  with  vanishing  iph  at  E0  and  for 


k *?  0.  For  the  model  113A*  the  threshold  Ert  ^ 1.0  eV.  In  the  deter 


mination  of  the  threshold  we  have  of  course*  as  usual*  a certain  amount 


of  ambiguity.  After  several  tedious  trials*  we  arrlvea  at  a function 


F(/>*k)  which  explains  the  slope  of  the  infrared  and  blue  response  and 


F (U600S) 
F (53508) 
F (80008) 
F (90008) 


The  choic 


The  constant  was  normalized  for  F 


of  this  constant  is  one  of  the  factors  which  can  be  used  to  improve  the 


fit  to  the  speotral  response.  We  then  get 


Ratio  FlAl  - 1*36 


Ratio  FlAl  * 1*385 


(TJ) 

8oooJ?  f « 1.50 

iphFI  “ 
iphVI  " 

1.805 

1.270 

Ratio  FlAl  - 1.U2 

9000 H F = 4.30 

iphFI  ** 
1phVI  * 

1.285 

.92 

Ratio  FlAl  « 1.395 

With 

a conversion  factor  of  = 

2.9  mA/ty  we  get: 

460o£  : 

.85  x 2.9 

- 2.U7 

mAA 

535o£  : 

1.165  x 2.9 

* 3.38 

n 

800Q&  : 

1.805  x 2.9 

- 5.23 

n 

9000J?  : 

1.285  x 2.9 

= 3.7? 

n 

(U)  Although  the 

fit  is  not  ideal,  it 

shows  clearly  the  general 

shape  of  the  response  curve  with  the  peak  at  800Q&  and  the  skirt  values 


in  the  right  order  oJ£  magnitude*  The  function  F will  also  account  for 
the  valley  at  I1OOO&  - 45008,  which  is  followed  in  the  UV  by  the  known 
strong  increase  of  photoresponse,  because  F will  become  quite  small  if 
k increases  again  to  higher  values  in  the  near  UV*  The  other  parameter 
Fl/VI  also  shows  the  right  magnitude. 

(U)  Improvements  could  be  expected  with  more  accurately  defined 
probability  funotions  but  it  seems  that  the  general  character  of  these 
funotlons  is  sufficiently  well  described  by  our  definition,  since  the 
numerical,  value  of  F will  also  change  from  surface  to  surface. 


(U)  it  seems  thus  assured  that  the  optical  characteristics  of  the 
S-l  are  a determining  factor  in  its  response*  The  fact  that  the  field 
Intensity  always  has  a peak  at  the  vacuum-cathode  boundary  apparently 
makes  IR  response  possible*  The  probability  of  escape  from  any  useful 
thickness , which  decreases  rapidly  with  increasing  wavelengths , 
determines  the  shape  and  magnitude  of  the  IR  response* 


(U)  In  this  connection,  it  is  interesting  that  the  S -25  with 

1 


infrared  response  comes  about  with  a thickening  of  the  S-20  and  may 
thus  also  come  closer  to  a condition  n % for  *5* 

(U)  Of  coursfe  it  would  be  of  great  Interest  to  extend  the  idea  of 


an  intensity-based  model,  determined  by  the  optloal  constants  of  the 

surface  onto  the  other  photocathodes*  It  appears  likely  that  the 

' 

spectral  response  of  the  other  cathodes  could  be  explained  in  a manner 
similar  to  the  one  outlined  for  the  S-l* 

a 

(U)  These  laboratories  have  measured  optical  constants  of  all 
types  of  photooathodes  of  interest,  as  well  as,  in  most  cases,  the  ratio 

FI/VI  and  would  weloome  the  opportunity  to  pursue  such  work  in  the  futun 
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RE-  DD-254  4/14/70 


A computer  program  has  now  boon  received  through  private 
communication  and  will  be  evaluated.  In  order  to  establish  the  ■ 
optical  data  of  the  cathode  proper,  formulas  for, the  above- 
mentioned  correction  have  developed. 

The  computer  program  gives  the  following  three  quantities 
for  the  single  film,  which  are  essentially  equivalent  with  those 
of  Rpt.  #36,  Figure  9. 


Here  are 


■ < : 1 » ^ e'W‘ + ^ + 

+ A coi(2.^i)  + B (2-S^ 

< =)  *RVft  « ± (qfrb?)^'  f (Qj+^e2^1  + 

+•  A cos  (&,)  + B sin  (%•) 

(III)  ilC+a^b^O+^f+^J 

+ Ccej  (S-Jji')  + D /4in  (2.^0 

Q - k.7,  . : • n.2-  ^ + k-,1 

* ’ + k,a  (M.+Kxf  + e 


K- 


• in  A. 
(bo+iOH  k.1 


I m —J2.hq.lc, 

Jz  Cn,+n1)i+  k,2- 


a-  . „ 


:A  = iCa.CM- b,bO  y 
-C  ; 


b - a,c«.“-«K'f 4 ,/,,/7°; 

D = X ^ Qxbi) 


■ d,=  ItIc^'/a 


£ - ^tm,  d,A 


Refractive  Indices: 


r 

n0  = 1*5  (Glass);  **  n^  * 1^1  (absorbing  medium,  here 

the  photocathode) 


»2  =*  1.0  (Vacuum) 


d^  =»  physical  thickness  of  the  absorbing  layer. 


With  these  definitions  Bpo  Rye#  Tpc  become  respectively 
the  Front  or  Glass  reflectivity,  the  Vacuum  reflectivity,  and  the 

Transmission  in  % of  an  inoident  light -wave  A of  unit  intensity  in 

« 

the  medium  n0  (Glass)* 


Actually  these  intensities  are  not  measurable  as  we  can 
measure  only  quantities  in  air,  incident  as  well  as  emerging. 
Therefore,  a correction  has  to  be  made  to  account  for  the  air-glass 
interface.  For  exemplification,  see  Figure  20  of  this  report. 


‘G 


Percentage  of  light  reflected  from  the  air-glass 
interface 


» IVnif 
* Lao*11!) 


»°k 
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RE  DD:254  4/ 14/70<; 

The  computer  values  Rpc,  RyC,  Tpc,  are  the  % of  tho  amplitude 
entering  the  glassr  : 1 - r0*  Our  recorded  and  measured  value  of  front 


reflection  ss.  Rf/ 

KF  /^FAg  /l-^ 


where  RpAg  is  the  reflection  of  an  Ag  mirror  in  the  same  constellation 
( E^is  a factor  due  to  the  imperfections  of  the  Ag  mirror.  This 
factor  is  wavelength  dependent.)  Similarly  for  By*  Tp.  (See,  e.g., 
Rpt.  #21,  pgs  7-8  and  Figure  21j).  This  gives  in  first  order  approxi- 


mation: 


(IV)  “•  Q*  where  Rp,  Ry,  Tp,  are 


the  measured  values. 


( V ) ^VC 

(VI)  Trc  «.  0 -OTf 


If  we  consider  the  second  order  reflection  on  the  air-glass 


Interface  we  have: 


(j—  ^,)  — (l  — )”Rfc.  + Ig 


■%c  ” Cl  - <s  - 'Rfc^)^ 


R_  • = (l-gA)'RvTo,Tfa0“Ar6>-2,^) 


Jj'  j>.  ..  j J-.-Jfa,  .j-:\r~r. 

MpIP^^tW-WriM!! 

RE'  DD;254  A!  14/7Q 

Because  of  the  very  small  terms  of  mostly  third  order  ^ 

involved,  we  can  replace  Rpc,  Rye*  and  Tpc  by  Rp,  Rv,  and  Tp  in  the 
second  and  third  equation  for  simplicity's  sake*  So  we  finally  get: 

* * 

(VXD  'Rr.  «Cl+a*-£>)1?r- 

(VXXX)  T7c  “ 0 ~ ^ ~ 

These  equations  will  now  supply  the  values  which  oan  be  used 
in  (I),  (II),  (III)  for  the  computer  program* 


ri 

tf 

R 


fi 

L 


4- 


.1  V . (See  Rpt.  #15,  Pig.  13)  Rubidium  processed  S-l 


I 


r 

i : 

i 

} 


A-  6000* 

(.12,  .26,  .365) 

(.117,  » 

>261,  .366)  .195 

.198 

• 4.925 

This  is 

a very  good  agreement.  Now 

the  same  thickness 

d « 

1170* 

is  tried  at  different  A s. 

\ . 

A-  9360* 

(.103,  .24,  .355) 

(.10+, 

.242,  .35)  .125 

.45 

• 3.55 

' 

(.105, 

.235,  .355)  .125 

.37 

' 4.35 

This  is 

a typioal  case  of  two  possible  solutions. 

A~  10170* 

<\l 

• 

as 

vrv 

0 

O 

• 

1 

.115 

.33 

3.75 

•- 

1 

.115 

.27 

4.65 

A-  11140ft 

(.085,  .'20,  .49) 

(.08+, 

.205,  .49)  .105 

.31 

4.425  * 

As  we  see,  the  curve  Tor  n is  not  at  all  smooth*  The  shorter  wave- 
lengths even  demand  an  n)  5*0.  However,  all  possible  triplet 
solutions  lead  to  a similar  thickness* 


. 2^  3IfQ  (See  Rpt.  #15 „ Pig.  12) 

✓ 

‘A- 11500A  ('.135#  *23,  .555)  "(.133,  .23#  .££)  .10  .20 

Thickness  d * 1150*  • 

# , »*  • 

This  thickness  does  not  give  a good  fit  at  other  wavelengths 
with  £ ^5.0.  '.i..:.. 


4.55 


A- 8210*  (.155#  .305,  .31)  (.155.  .28,  .315)  .14  .34  4.10 

A-  6570*  (.165,  .340,  .265)  (.165,  .30,  .265)  .175  . 38  3.45 

Shorter  wavelengths  become  very  poofc;  probably  solutions  5*0 

. • , 

are  required. 


-1- 


A)  ^2  (See  Rpt.  # 1 5,  Pig.  11) 

• A®  10500*  (.05,  .165,  *485)  (.049,  #169#  .1*05) 

Thickness  d = 1300*. 


A-  6500*  (.070,  .225,  .375)  (.080, 

A®  8125*  (.055,  .185,  .43)  (.057 

bat  also  a better  second  fit  for 

A«  6500*  (.075,  -225,  .375)  (.075 


) 11U  (See  Rpt.  #15,  Pig.  9) 

This  has  been  most  extensively  computed.  The  best  data  are 
selected  below. 

* 

One  triplet  has  been  fitted  to  the  <11500*  data. 

A-  11500*  (.085>  .24,  .39)  (.085,  .237,  .394)  .094  *40 

Resulting  in  d **  1080* 

1 • 

This  thickness  fits  down  to  fe980Q* 


A*  9820*  (.10,  .27,  .345)  (.105,  .265,  .340)  .1 

However,  the  Ry  values  become  too  small  for  still  shorter 
wavelengths. 


/A-  9660*  (.105,  .28,  .33)  (.195,  .255,  .33)  .115  .50  3.925 

/ And  the  agreement  gets  worse  until  A*  5750*.  Here  again  we  get 
. / a good  fit. 


Xf  we  fit  triplets  to  other  wavelengths,  similar  thiolmesses 
result,  however  with  slightly  different  ji  values. 
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ADDENDUM  III 
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(U)  In  our  ease,  the  following  two  optical  data  are  measured: 


J.50 


a /yyy^o 

* 

" • 

1.0 


Transmission  measured 


Ai.otAq  Lopaq^  a, 

s;c 


/ \ 

/ \ . 

/ \ 

Refleotion  measured 


(U)  We  assume  that  the  SiO  is  transparent  in  the  red  and  near 
infrared  and  has  a refractive  index  of  n^  * 1.8.  The  optical  constants 
of  the  substrates  Al,  Ag  at  the  wavelengths  of  interest  are: 


4200& 


. 8ooo£ 


95og£ 


•40 

4.00 

1.99 

7.05 


0.065 

2.18 


0.11 


k - -5.41 


n » 1.75  n ■ 0.13 

k - 8.50  k « 6.48 


91.0*  95.6* 


86.5*  98.6* 


90.Q*  • 98.8* 


(XX)  The  n,  k values  are  from  0.  Hass,  J0SA,  Vol.  51*  P*  719* 
(XT)  The  ref lectanoes  R are  computed  from  the  equation 

• • v • 9 9 . 

. . . ‘ (l-ngQ2  * kg2 

: (l+ng)^  ♦ k2s 


-l- 


. *T7 


i 

' \ 
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(U)  Unfortunately,  R^x  has  a min  loan  around  8£0Q& 


B85oofi 


(X.?g)|„,*  (7.X?), | i 86.3* 
(3.08 r * (7.1$)z 


(U)  For  the  ref leotanoe  of  the  composite  A1  and  S10,  a more  complicated 
formula  applies 

gl2  * ^g22  * * k oo»(2h)  * B ain^2^i^ 


R 


1 ♦ gjfteg  + % ) A 001(2^)  ♦ B •2a(2{1) 


• (1) 


(U)  Ears  is  - 2Tnx 


£ 


*1 

«a? 

*2 


."-“l 

n.  + n 


o “1 
2 . . 2 


ng~  - kg 


(nx  ♦ n2)2  + k 


2 


2njJ& 


(nx  ♦ n^)2’  + kg2 


B - 28^ 

i 

(U)  For  a transparent  film  on  a transparent  substrate,  this  reduoes  to 


R - ..  1-Trant  minion 

3-  + 8l  «2  + 28l«2  00»^2Jt.) 


(2) 


R 


* _ ,082  + .008  - 

.052  x cos(2W) 

# 

CM 

$ 

• 

1 

H 

1 - 

i 

008(2^} 

• 

(U)  The  maxima  of  R are  given  by 

008(2^)  ■ -1 

Vx.  - .1S3 

(U)  The  minima  of  R are  given  by 

cos(2Ji)  * +1 

B»ln.  “ .01* 

Por 

cob(2£i)  * 0 

R . « .069 

(TJ)  Assuming  transparenoy  of  t he  SiO  deposit,  the  measured  transmission 
would  swing  from  96%  to  84*7^  (first  minimum)  and  baok  again.  Expressed 
as  peroent  of  initial  reading,  we  expeot  the  transmission  for  the  800Q& 
and  95>OOS  line  to  vary  from  100#  to  88& 

(V)  The  thiolmesa  for  the  extreme  transmission  readings  ean  now  be 
easily  oomputed  from 

■ V1  nidi  “ t ' • %«,. 

. ^ nxdi  " °» » 

(U)  Ve  getthua:  . for  A.  - 800Q&  diOWj  • 1110* 

* 222 Ofi  (reap.  Ofi) 

for  A - 9500fi.  ^lOW.V  m 132oJ8 


•s 


I 
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(N)  It  follows  that  - 2.48  or  dx  - 8000*  - 88o8  for  the  “] 

first  minimum 

(U)  For  9$00&,  a similar  calculation  yields  dj^min*)  » 1137-8 

(U)  The  reflection  minima  on  the  A1  substrate  ooour  approximately  at 
8Q#  of  the  thlokness  which  results  in  transmission  minima  in  the  glass* 

• i 

(O)  Again  the  expeoted  variations  of  refleotanoe  have  been  observed  in 
aotual  measurements*  For  example: 

‘ * 

Tube  No*  5266  • Reflection  8000&  : 100#  down  to  69*55*  then  up 
• again  to  945;  estimated  d^  ^ 15508*  . 

Tube  No*  5268  - Reflection  80008  : 100#  to  75*5#  then  up  again  to 

96#;  estimated  disN/16508* 

(U)  The  expeoted  slow  ohange  of  R around  the  minima  and  maxima  has 
also  been  observed* 

(17)  A similar  oomputatlon  for  the  Ag  mirror  leads  to  a muoh  smaller 
variation  of  reflectance*  For  example*  at  95008*  the  reflectance 
changes  only  from  98*8#  to  96*5#  for  a similar  thickness*  This 
explains  the  difficulties  t&loh  we  encountered  in  observation  of  XR 
reflection  changes  on  the  S10+Ag* 

(U)  In  the  blue  region*  the  SiO  film  exhibits  considerable  absorption 
(probably  also  a muoh  higher  refractive  index)*  and  the  above  given  ■ 
equations  can  no  longer  be  used* 
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